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A. General Methods S16 B. Synthesis of DNA-linked Small Molecules S16 C. Oligonucleotide Sequences and LC/MS Characterization S19 D. Methods for Interaction Determination with Unpurified Proteins S19 E. Protein Production S25 F. Tissue Culture S29 G. 1 C) 1 . primer extension Figure S1 . A, B) Primer extension with Klenow exo -followed by qPCR reveals that samples with DNA-αSA, SA, and DNA-biotin or DNA-desthiobiotin were amplified more quickly than samples with DNA-amine, DNA-GLCBS, or with DNA-biotin but lacking SA. Error bars represent the standard deviation of three replicates. C) Mixtures of DNA-biotin/DNA-GLCBS were incubated with DNA-αSA in HeLa cell lysate with or without added streptavidin (0.01% wt) and were subjected to primer extension with Klenow exo -, followed by PCR and restriction digest, resulting in ~10-fold enrichment of the sequence corresponding to SA+biotin. The mean enrichment of all sequences was generally less than 1.5. A) We expected that increasing the concentration of the combined target and ligand libraries would increase the fraction of bound targets and ligands but also increase intermolecular hybridization of DNA sequences not tethered by a non-covalent complex. We found that a combined library concentration of 10 nM or 100 nM for each library resulted in the largest enrichment factors. B) Decreasing the concentration of dNTPs in the primer extension mixture decreased enrichment of lower affinity protein-ligand interactions. C) We wondered whether higher temperatures during the primer extension reaction would decrease background signal due to intermolecular DNA hybridization or whether lower temperatures would increase signal by increasing the apparent K d of protein-ligand interactions. We found that performing extension reactions at 37˚C resulted in the largest enrichment factors for known protein-ligand interactions. D) Enrichment of lower affinity target-ligand combinations improved as the concentration of Klenow exo -was increased. Taken together, these results demonstrate that IDPCR experiments performed with 10 nM or 100 nM library concentration, 12.5 nM Klenow exo-, and 33 µM dNTPs at 37˚C resulted in the best enrichment factors for lower affinity ligand-target interactions. Figure S3 . We investigated whether the site of DNA conjugation on the target protein affects the signal-to-noise ratio of IDPCR experiments on directly linked proteins. After replacing the endogenous cysteine with serine, generating CAII (C206S), we generated several clones with a single cysteine added at a solvent-exposed position 1 (C206S/D19C), (C206S/D52C), (C206S/K213C), (C206S/K252C). The double mutants were expressed and purified before reduction with TCEP-agarose (Pierce) and labeling with DNA-amine using the SM(PEG) 2 heterobifunctional crosslinker (Pierce). After reaction, DNA-CAII conjugates were purified by size exclusion chromatography using a Superdex 75 10/300 column (GE Healthcare) on an Akta FPLC (Amersham). The resulting purified DNA-CAII conjugates were used in IDPCR experiments comparing the ∆C T of DNA-GLCBS and DNA-amine. The position of DNA modification on carbonic anhydrase did not appear to strongly influence the ∆C T value. Error bars represent standard deviation of three replicates. We investigated the ability of Exo I and DNA polymerases with 3'-exonuclease activity to perform IDUP on samples containing DNA-αSA, SA, and DNA-amine, DNA-GLCBS, or DNA-biotin with complementary regions of 6 bp. The signal-to-noise ratio of IDUP using a 6-bp complementary region was not improved by 3'-exonuclease activity. Figure S5 . We investigated the ability of polymerases with 3'-exonulcease activity to perform IDUP with complementary regions longer than 6 bp. A) T4 DNA polymerase produced the largest ∆C T values in IDUP reactions using an 8-bp complementary region and performed with SA, DNA-αSA, and DNA-desthiobiotin or DNA-amine. B) Further increasing the 3'-exonuclease activity by adding Exo I to primer extension reactions with T4 DNA polymerase did not have a strong impact on the ∆C T values. C) IDUP reactions performed with Klenow exo -, 25 U Exo I , and 8-bp complementary regions recapitulated the results with T4 DNA polymerase, suggesting that the exonuclease activity of T4 DNA polymerase is responsible for the increased signal-tonoise ratio. D) While IDUP using T4 DNA polymerase resulted in equivalent ∆C T values with both 8-bp and 9-bp complementary regions, samples with longer complementary regions had lower ∆C T values. Error bars represent the standard deviation of three replicates. Each of the three bars corresponds to a set of three replicates performed on a different day. Together, these results suggest that the strength of the signal obtained in an IDUP experiment is determined by the combination of complementary region length, DNA polymerase activity, and 3'-exonuclease activity. Figure S6 . A series of library x library model selections were performed on combined model libraries of 261 DNA-linked small molecules, including DNA-linked biotin, desthiobiotin, iminobiotin (SA-iminobiotin K d = 13 µM), 2 GLCBS and CBS, and 258 DNA-linked proteins, including SA and CA with either a 6-nt or 8-nt complementary region. Primer extension was performed with Klenow exo -, Klenow exo -and Exo I, Klenow, DNA polymerase I, or T4 DNA polymerase on samples containing DNA-linked small molecules and DNA-linked proteins or DNA lacking linked proteins, as a control. After high throughput sequencing, enrichment factors for each of the known protein+ligand pairs were calculated and normalized to the enrichment in the results with Klenow exo -. We found that the combination of an 8-nt complementary region and T4 DNA polymerase resulted in the largest increase in enrichment (4.5-to 140-fold) for protein+ligand pairs with affinities from 40 nM to 13 µM. Figure S8. A) IDUP experiments were performed on samples containing DNA-αHis, with recombinant His 6 -CAII or CAII-His 6 or without added protein and with DNA-biotin, DNAiminobiotin, DNA-GLCBS, or DNA-CBS. We found that DNA from samples containing DNAαHis, CAII-His 6 and DNA-GLCBS or DNA-CBS was amplified more quickly in qPCR than samples lacking CAII or containing His 6 -CAII (∆C T = 2-3 cycles). Error bars represent the standard deviation of three replicates. B) DNA from a sample containing DNA-αHis, His 6 -BclxL and DNA-Bad was more rapidly amplified than DNA from samples with Bcl-xL-His 6 or another DNA-linked small molecule (∆C T = 3 cycles). Error bars represent the standard deviation of three replicates. C) Recombinant CAII-His 6 was added to HeLa cell lysate (0.01% wt) and incubated with DNA-αHis and mixtures of DNA-GLCBS/DNA-biotin. We observed an enrichment factor of about 100 for the sequence corresponding to GLCBS+CA, corresponding to 10-fold greater enrichment than in a similar IDUP experiment using DNA-αCAII (Fig. 2 Figure S9 . A) A Western blot probed with αHis was used to compare the concentration of CAIIHis 6 in previously transfected 293T cell lysate to a purified CAII-His 6 standard, demonstrating that the concentration of CAII-His 6 in transfected cell lysate was greater than 200 nM. B) Diluting 293T cell lysate previously transfected with CAII-His 6 into untransfected lysate at a ratio of 1:100, approximating 3 nM expression of CAII-His 6 , resulted in ~10-fold enrichment of the sequence corresponding to CA+GLCBS. C) Diluting CAII-His 6 transfected lysate 1:10 into untransfected lysate, approximating 30 nM CAII-His 6 expression, resulted in only weak enrichment of a sequence corresponding to CA+CBS. Together, these results are consistent with predictions made using a recent description of three-body binding. Table S2 . Sequences not known to correspond to a target+ligand pair are presumed false positives. Only one such presumed false positive had an enrichment factor greater than 30.
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li g a n d s ta rg e ts counts before selection counts after selection li g a n d s li g a n d s ta rg e ts ta rg e ts Figure 5B and S12. B) A linear relationship was observed when the sequence counts for the ligand-target interactions with K d ~ 40 nM -26 µM were plotted against the logarithm of their affinities. Because the concentration of each library member in the 'selection' was 0.4 nM, it is possible that ligand-target pairs with Kd ~ 0.2 -0.6 nM (eg. FKBP+rapamycin and BclxL+Bad) do not fit the linear trend because they reached binding saturation. Equations fit from this data could be used to estimate the limit of detection of IDUP (x-intercept, here 30-60 µM) or to estimate the affinity of new interactions. C,D) Although the relationship between affinity and enrichment factor is not as linear as that between affinity and sequence counts, plotting the enrichment factor is useful in distinguishing true binding events from presumed false positives. In particular, plotting enrichment factors corrects for the DNA sequence bias in PCR and/or high throughput sequencing that likely causes the disproportionate number of counts observed for particular sequences in both the selection (D) and negative control samples (C).
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II. Materials and Methods
A. General Methods
Unless otherwise noted, chemical reagents were purchased from Sigma-Aldrich. Water was purified with a Milli-Q purification system. Modified DNA oligonucleotides were synthesized on a PerSeptive Biosystems Expedite 8909 DNA synthesizer. Standard DNA oligonucleotides were purchased from Integrated DNA Technologies. All reagents and phosphoramidites for DNA synthesis were purchased from Glen Research. All oligonucleotides were synthesized and deprotected according to manufacturer's protocols. Oligonucleotides were purified by reverse-phase high-pressure liquid chromatography (HPLC, Agilent 1200) using a C18 stationary phase (Eclipse-XDB C18, 5 µm, 9.4 x 200 mm) and an acetonitrile/100 mM triethylammonium acetate gradient. Oligonucleotide concentrations were quantitated by UV spectroscopy using a Nanodrop ND1000 spectrophotometer. Non-commercial oligonucleotides were characterized by LC/ESI-MS; reverse-phase separation was performed on an Alliance 2695 (Waters) HPLC system using a UPLC BEH C18 column (1.7 µm, 2.1 x 50 mm) stationary phase and 6 mM aqueous triethylammonium bicarbonate/MeOH mobile phase interfaced to a Q-Tof
Micro mass spectrometer (Waters). Alternately, modified oligonucleotides were characterized using an equivalent column and mobile phase interfaced with a Waters Acquity ultraperformance LC (UPLC) quadrupole TOF Premier instrument.
B. Synthesis of DNA-linked Small Molecules
Synthesis of C40-azidohexanyl-rapamycin
To an oven dried, sealed, 2-dram vial was added 700 µL dry THF and 20 µL azidohexanoic acid.
The solution was cooled to -18˚C for 10 min before the addition of 25 µL dry triethylamine and 22 µL 2,4,6-trichlorobenzoyl chloride. The resulting mixture was stirred at -18˚C for 80 min. Table S3 . List of modified DNA oligonucleotides, expected and observed masses, and their sequences.
C. Oligonucleotide Sequences and LC/MS Characterization
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Synthesis of Target-DNA Conjugates and Antibody-DNA Conjugates
Activation of DNA and conjugation of protein targets or antibodies were performed as previously reported. 4 Antibodies were first dialyzed overnight at 4˚C against PBS using a Slide-A-Lyzer MINI dialysis cartridge (Pierce) with 10,000 MWCO. DNA-antibody conjugates were separated from excess unreacted DNA by repeated ultrafiltration using an Amicon microspin column with a 100,000 MWCO filter. The anti-streptavidin antibody (#ab10020) and anti-CAII S20 antibody (#ab7001) were purchased from Abcam. The anti-Penta-His Antibody(# 34660) was purchased from Qiagen. In cases where recombinant SA or CAII was added to HeLa lysate at 0.01% wt, the protein content of the HeLa cell lysate was first estimated using the Modified Lowry Assay Kit (Thermo Scientific). HeLa cell lysate replaced water in the primer extension reaction mixture, and was added in volumes of 5.7-8.5 µL, with a maximum weight of 60 µg total protein added. Primer extension proceeded for 15 min at 37˚C before heat inactivation for 20 min at 75˚C. To prepare the samples for high throughput sequencing, a PCR reaction was performed for each selection using a pair of Illumina compatible primers (see Table S4 ). Samples were amplified for the number of cycles required to reach the top of the linear range in qPCR.
Primer Extension Reactions for Antibody-mediated IDUP
IDUP with SNAP-tagged Targets
Quantitative PCR (qPCR) Analysis of Primer Extension Reactions
Products of these PCR reactions were cleaned up by gel purification using a 3% agarose gel and a gel extraction kit (Qiagen). The picoGreen QuantIT kit (Invitrogen) was used to measure the concentration of DNA in the purified samples. Samples were pooled and the concentration of the pooled sample was measured using qPCR compared to a sample of known concentration. The samples were analyzed on an Illumina HiSeq (Partners Center for Personalized Genomic Medicine), and the resulting sequences were analyzed using an in-house MATLAB script. Table S4 . Illumina sequencing compatible primers used to prepare samples for model selections with varied primer extension conditions.
Comparing Primer Extension with Various Polymerases Using Model Library x Library IDPCR
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Primer extension reactions were performed as described above. For the selections using Table S5 ). The resulting PCR products were either gel purified by 3% agarose gel (TBE, 100V, 40 min) and cleaned up with the Qiagen gel extraction kit or PAGE purified (10% TBE, 200V, 25 min). Gels were stained with SYBRGold (Invitrogen). DNA was eluted from PAGE gel fragments by incubating at 37˚C for 4 hours in 10 mM Tris-HCL pH 8 and cleaned up using the Qiagen PCR cleanup kit. Purified PCR products were quanitified using the picoGreen Quant-iT kit (Invitrogen) and pooled. The samples were pooled to an overall concentration of 2 nM and the concentration was verified by qPCR using primers complementary to the Illumina adapters and a reference sample of known concentration.
The pooled sample was prepared and sequenced on a MiSeq using a 50-cycle sequencing kit Table S5 . Illumina sequencing compatible primers used to prepare samples for model selections comparing different DNA polymerases.
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(Illumina) according to manufacturer's protocols. The resulting DNA sequences were analyzed using an in-house MATLAB script.
Model Library x Library IDUP with SNAP-tagged Target Proteins
Previously transfected HEK-293T cells were lysed as described below by passing 
Construction of CAII Plasmids
The pACA plasmid was a kind gift of Carol Fierke. USER cloning was used to insert a His 6 -tag at the N-terminus of CAII using these primers 5'ATGCACCATCACCACCAUCACGCC-CATCACTGGGGGTAC-3' and 5'ATGGTGGTGATGGUGCATGGTATATCTCCTTCTTAAAGTTAAAC-3'
and at the C-terminus of CAII using these primers A CMVSport6.1 mammalian expression vector expressing human CAII was obtained from OpenBiosystems. A His 6 -tag was added to the C-terminus of CAII using the same primers as above.
Construction of BclxL Plasmids
We would like to thank Loren Walensky for the kind gift of the pGEX-2T-Bcl-xL plasmid. A His 6 -tag was added to the N-terminus of Bcl-xL by USER cloning using these His 6-Bcl-xL was cloned from the pGEX-2T-Bcl-xL plasmid using the primers, 
Construction of FKBP and FRB Vectors
A pcDNA2-FKBPmyc plasmid was obtained from Carolyn Bertozzi via Addgene (plasmid #20211). 6 A Kozak sequence and start codon was added to the FKBPmyc vector by religating the vector after PCR-based linearization with these primers that were phosphorylated S27 prior to PCR: 5'-CCATGGGAGTGCAGGTGGAAACC-3' and 5'-TGGCCTGTGCTGGATATCTGCAG-3'.
FKBP was cloned out of this vector using these primers 5 CAII was expressed according to a protocol kindly provided by Carol Fierke, described here. Fifteen milliliters overnight culture previously innoculated with a colony of E.Coli BL21(DE3) freshly transformed with pACA was used to innoculate 750 mL 2xYT medium supplemented with 3 g tryptone, 54 mL 5x M9 Minimal Salts, 15 mL 20% glucose, 150 µL 0.3M ZnSO 4 , and 750 µL 100 mg/mL carbenicillin. The culture was grown in a 37˚C shaker until OD 600 = 0.8-1.0, when expression of CAII was induced by addition of 250 µL 1M IPTG. The culture was then transferred to a 30˚C shaker and grown for 4-5 hours. Cells were harvested by centrifugation at 5,000 g for 10 min and the cell pellet was stored at -80˚C. His 6 -tagged CAII was purified using Ni-NTA agarose (Qiagen) according to standard protocols.
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Expression of pGEX-Bcl-xL was performed according to standard protocols. Expression of FRB from the pGEX-FRB vector and of FKBP from the pGEX-FKBP vector was performed as previously described. 8 GST-Bcl-xL, GST-FRB, GST-FKBP, and/or His 6 -tagged derivates were purified according to standard protocols using GST-Bind Resin (Novagen). Overnight cleavage (18 hours) with thrombin (12 U)(EMDMillipore) at 4˚C was used to cleave the GST tag and elute from the glutathione resin. Purified proteins were separated from GST and thrombin by size exclusion chromatography using a Superdex 75 10/300 column (GE Healthcare) interfaced with an Akta FPLC (Amersham).
Tissue Culture HEK-293T cells (ATCC) and HeLa cells (ATCC) were maintained according to standard protocols in DMEM (high glucose, L-glutamine, pyruvate) supplemented with 10% fetal bovine serum (Gibco), penicillin, and streptomycin. Cultures were maintained at 37˚C with 70%
humidity and an atmosphere of 5% CO 2 and were subcultured every 2-3 days.
General Protocol for Transfection
One day prior to transfection, HEK-293T cells were seeded at a density of 250,000-500,000 cells per well in a 6-well plate that was pre-treated with 0.1% gelatin. According to manufacturer's protocols, at 70-90% confluency, the cells were transfected using 7.5µL per well
Lipofectamine 2000 (Invitrogen) with 2.5 µg per well plasmid DNA, using serum-and antibiotic-free DMEM during the transfection. Alternately, 1.5 x 10 6 cells were seeded in a gelatinized 10-cm dish and transfected on the following day using 45 µL Lipofectamine 2000 complexed with 15 µg plasmid DNA.
Lysis
Cells were harvested 48 hours after transfection. After rinsing with cold PBS, cells were removed from the plate by scraping in 1 mL PBS. Cells were pelleted by centrifugation for 4 min at 400 g. The supernatant was removed and the cell pellet was resuspended in 100-150µL cold lysis buffer (10 mM Tris HCl, 137 mM NaCl, pH 7.5, 2 mM EDTA, 1 mM DTT, 1 µg/mL leupeptin, 1 mM PMSF). Alternately, a 10-cm plate was scraped in 5 mL PBS and the resulting cell pellet was resuspended in 500 µL cold lysis buffer. Resuspended cells were lysed either by 30s sonication with a microtip probe sonicator or by passing 20 times through a syringe with a G-22 needle. Lysates were cleared by centrifugation at 20,000 g for 10 min at 4˚C. The S30 supernatant was either used directly or flash frozen in a dry ice/ethanol bath and stored at -80˚C.
Western blots used to verify expression were performed according to standard protocols. 
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H NMR Spectrum of C40-azidohexanyl-rapamycin in CDCl 3
